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^-LACTAMS AS ANTICHOLESTEROLEMIC AGENTS 



BACKGROUND OF THE INVENTION 

Hypercholesterolemia is known to be one of the prime risk factors for ischemic cardiovascular disease, 
such as arteriosclerosis. Bile acid sequestrants have been used to treat this condition: but they seem to be 
moderately effective but they must be consumed in large quantities, i.e., several grams at a time, and th y 
are not very palatable. 

MEVACOR® (lovastatin), now commercially available is one of a group of very active antihyper- 
cholesterolemic agents that function by limiting cholesterol biosynthesis by inhibiting the enzyme, HMG- 
CoA reductase. Another approach to limiting cholesterol biosynthesis is through inhibition of the enzyme 
HMG-CoA synthase. 

Copending U.S. patent application S.N. 053.774. filed May 26, 1987. corresponding to EP-A-0293132. 
discloses certain /9-lactones of formula (i) 



which are useful as antihypercholesterolemic agents and are believed to function by inhibiting HMG-CoA 
synthase. Additional /^-lactones which have antihypercholesterolemic activity are disclosed in copending 
U.S. patent applications S.N. 021.848, filed March 4. 1987. corresponding to EP-A-0285254. and S. N. 
053.646. filed May 26. 1987. corresponding to EP-A-0293128. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to compounds of structural formula (I): 



Qis 

a. Ci -5 alkyl. 

b. C€-io aryl or Cc-io heteroaryl including one heteroatom selected from N, 0. or S: 

c. C7-1S aralkyi or C7-1S heteroaralkyl: 

d. Cs -10 aryl or Cfi -10 heteroaryl substituted_with W; 

6. C7-1S aryl or C7-15 heteroaryl wherein the aryl or heteroaryl moiety is substituted with W; 
f. OH; Ra and R$ are independently selected from: 




Ci) 




(I) 



wherein: 
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a. H. 

b. Ci-5 hydroxyalkyi, 

c. Ci-5 alkyl. 

d. Ci-5 alkoxy, 

e. C2-6 alk nyl. Is CHRoR; 

Ro is H. Ci-5 alkyl. phenyl or phenyl d-s alkyl; 
R is 

a. 0-(C0)p2-(A)pi-Ri, 

b. OSO2R1. 

c. ARi, 

d. R together with Ro and the C to which it is attached form 



e. R together with Ro and the C to which it is attached form 




pt and p2 are independently 0 or I; provided that p, and p2 are not both 0; 

Ri is 

a. H, 

b. aryl. or a heteroaryl group of 5 to 10 atoms, including one to two heteroatoms. selected from: 




X 



c. phenyl S(0)n wherein n is 0 to 2. 

d. C3-6 cycloalkyi; 8 is 0. N or S: 
A is 

a. 



CH. 
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b. 




C. NH; R2 is 

a. H, 

b. Ci -5 alkoxy. 

c. Ci -5 alkyi, 
a OH, 

e. 0C(0)CH3; W is 

a. Ci -5 alkyl, 

b. Ct-5 alkoxy. 

c. NO2. 

d. NHR3. 

e. Ci -3 alkylS(0)p3 

f. halogen, 

g. COOR3, 

h. OCOR3, 

i. NHCOR3. 
j. NHSO2R3. 

k. NHS02phenyl: X, Y. and 2 are independently selected from: 

a. H, 

b. halogen, 

c^Gi-5-alkyl- ' 

d. Ci -5 alkoxy, 

e. Ci -5 alkoxycarbonyl 

f. Ci -5 alkylcarbonyloxyamino, 

g. amino, 

h. phenoxy, 

i. phenyl Ci -s alkoxy. 
j. C1-5 alkylS02NH. 
k. NOs. 

I. diphenylmethyloxycarbonyl. 
m. Ci-5 alkylthio, 
n. aminocarbonyl. 
0. carboxy, 
p. Ci-salkenyloxy 
q. Ci -salkylamido, 
r. trifluoromethyl. 

One embodiment of the present invention are those compounds of formula (I) wherein: 
R is 0-(CO)pa-(A)pi-Ri or OSO2R1. and Ro and R5 are H. 

In one class of this embodiment are those compounds wherein R is 0-(C0)p2-(A)pi-Ri . 
In one subclass are those compounds wherein Pi is 0 and P2 is 1 and Q is 4-methylphenyl or OH. 
Exemplifying this subclass are the compounds of formula (I) described in Table I. 
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TABLE T 



V 



CONFIGURATION 
AT 3, 4 



SITXfiHS 


h 


h 


£ii 


CM3CH2- 


3-thitnylC02CH2- 


six 


CH3CH2- 


3-^thantsu1 f on«ii4oph«ny1-C02CH2* 


six 


CH3CH2- 


2«fii tropH«f)yl C02CN2* 


tii 


CH3CH2. 


4^yHdy1C02CH2- 


til 


CH3CH2- 


2^yHdy1C02CH2* 


til 


CH3CH2- 


5-(2-i»thonypyHdy1 )C02CH2- 


til 


CH3CH2. 


2»fur«nylC02CH2- 


til 


CH3CH2- 


2-(5-#i-butylpyridyl )C02CH2. 


3S,4S 


CH3CH2-. 


4.^thoxyph«ny 1 CO2CH2- 


3R.4R 


CH3CH2. 


4-fltthoxyph«ny1 C02CH2* 


til 


CH3CH2- 


3-iiUrophtny1C02CH2- 


til 


c:h3CH2- 


2-CH3S02NHph«ny 1 C02CH2* 


til 


CH3CH2. 


4-py H du i ny 1 CO2CH2- 


til 


CH3CH2* 


2.IH2Phtny1C02CH2* 


til 


CH3CH2- 


3»fur«ny1C02CK2- 


til 


CH3CH2- 


2-^1 nol \ nyl CO2CH2- 


til 


CH3CH2- 


4-b«nsoxyphtny1 CO2CH2* 


til 


CH3CH2- 


4-^u1 nol { ny 1 CO2CH2- 


til 


CH3CH2- 


2«thitny1C02CH2- 


til 


CH3CM2- 


3-(2<-pH«noxypyr1dy1 )C02CH2- 



EP 0 415 487 A2 



TABLg 1 

CONflGURATION 



AT 3. 4 









h 




u. 


£il 




3-CK3C0NHpheflylC02CH2* 


7.2 K 10-* 


V. 




CH3CN2- 


B-NNjphonylCOjCHj. 


4.5 X 10"® 


w. 


£i& 


CH^CH2- 


4.((Ph)2C0OC}ph«nylC02CH2- 


6.2 X 10"® 


X • 


Cli 


CH^CHj- 


4-M00Cphtny1 COjCMj- 


3.5 X 10-^ 


y- 


ill 


CH3CH2- 


4-M09phony1C09CH,- 


2.8 X 10-* 


z . 




CH^CH2CH2« 


4^30phtny 1 CO2CH2- 


6.95 X 10"® 








A-CHjOphtny 1 CO2CK2- 


1.8 X 10-^ 


hh 

9D • 


LU 




>-pyridyiC02CM2- 


6.4 X 10-* 


C C • 


£12. 




4-CH30phony 1 CO2CH2- 


3.0 X 10-* 


dd . 




vn2Ln2*> 


phtnyiC02CH2- 


1.1 X 10-' 


tt . 


ill 


CHjCH2- 


3-Cou««ryK02CH2- 


5.0 X 10-* 


T T . 


111 




2-btnzof urany 1 C02CH2« 


3.3 X 10-* 


99— 


5,5 


CH3GH2— 


— ^2-fufioyTC02CH2- 


1.1 X 10-^ 


nn . 


m 


CHjCHCHj- 


4-»tthoxyphenylC02CH2- 


1.3 X 10-"^ 


II* 




CH^CH2- 


4-CH302Cphony ] CO2CH2- 


8.5 X 10-^ 


jj- 




CH3CH2- 


4.n.bMtyl carbamoyl phony 1 CO2CH2- 


2.0 X 10-* 


KK . 




CH2CH2- 


4-a«i nophtny 1 CO2CH2- 


4.7 X 10"* 


1 1 • 


£11 


CH^CH2- 


3^th0Ky-4^1 1 y1 oxy^S-nl tro- 










phonylC02CH2- 


1.6 X 10"^ 


IM « 


£11 


CH3CH2. 


3Haothoxy-4^ny1oxy*S-(«othyU 










Mldo)phonylC02CH2- 


3.0 X 10"^ 


nn. 


£ix 


CM3CH2* 


4^th«ntsu1 f onaail dophonyl CO2CH2- 


1.6 X 10-* 


00. 


tax 


CH3CH2- 


S-(2.M4aothoxypyHdy1 )C02CH2- 


3.8 X 10-* 




£ii 


CM3CH2. 


6-( 2 , 3-41 no thoxypy ri y1 ) CO^CHj- 


8.9 X 10-* 


W. 


£U 


CH3CH2- 


4.( 2-wthoxythUzo1 y )C02CH2- 


4.5 X 10-* 


rr. 


trant 


CM3CH2CH2. 


4-CK30phonylC02CH2- 


3.5 X 10-* 


ss. 




HOCH2- 


4^0phony)C02CH2- 


1.5 X 10-^ 


tt. 


tran^ 


CH3CH2. 


4-CM30phoftylC02CK2- 


1.7 X 10-^ 



In a second subclass are those compounds of formula (I) wherein pt is 1 and p? is 1. Exemplifying this 
subclass are the compounds of formula (I) described in Table II. 
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TABLE II 




CONFIGURATION 



AT 3. 4 



POSITIONS 


h 






a. 






4-CH30phtny 1 CrCCDjCHj- 


9.5 


. 10-9 


b. 


£11 


CH3CH2- 


4-CH30phtny 1 CH2CO2CH2- 


3.S 


. io-« 


c. 


£il 


CH3CH2- 


3-pyr44ylCH2C02CH2- 


3.5 


. io-« 


d. 


3S.4S 


CH3CH2- 


ph«ny U( R )-CN0CH3C02CH2- 


1.8 


K 10-» 


e. 


4S 


H 


ph«nyU( S ).^CK3C02CH2- 


4.2 


« io-« 


f . 


4S 


H 


phtny 1 .( R ).CH0CH3C02CH2- 


5.0 


. 10-8 


9- 




CH3CM2- 


phtny U( R ).CH0CH3C02CH2- 


6.7 


. io-» 


h. 




CH3CH2- 


3-pyrfdyY&:CC02CH2- 


3.1 


* io-« 


i. 


3S,4S 


CH3CH2* 


S-pyr^dylCMjCOjCHj- 


8.7 


« 10-9 


J- 


3S,4S 


CH3CH2. 


4-wthoxyph«ny1CH2C02CK2- 


8.6 


. 10-9 


k. 


3S.4S 


CH3CH2- 


4^tho»yphQfiy1 CsCC02CN2* 


1.1 


« io-« 


K 




CH3CM2- 


2-fur«nylCH2C02CH2- 


2.4 


« io-« 


■1. 




CH3CH2- 


J-furanylCsCCOjCHj- 


2.5 




n. 




CH3CH2- 


phtnoxyCH2C02CH2- 


2.4 


« io-« 
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w 



IS 



20 



25 



30 



TABLT 11 

CmrXGURATION 
AT 3, 4 

rosnnflws^ h ig^ 

0. m CK3CH2. 3-cathyl.4-othojiyphonylCH2C02CH2- 2.1 « 10"' 

£ii CH3CH2- a-^yHdylCHjCOjCHj* 1 k 10"® 

m CM3CH2- phony IthloCHjCOjCHj- 4.2 x 10"® 

r. £ix CH3CH2. ^-cthoityphonylCHjCO^CHj- 2.2 k 10"® 

^ CH3CH2- 3,4,S-trtathpKyphonylCH2C02CH2- 2.0 a 10"® 

m CH3CH2- 3.4,S-tHcotho«yphonylCaCC02CH2- 3.8 a 10"® 
rii CM3CH2- 3-brcQo-4-propano«y-5-cwthoyojiy- 

phonylCsCCO^CH^- 9 X 10"® 

£ii CHjCHj. 4-c»thyl phony loDinoCOjCHj- 5.2 » 10"® 

til CH3CH2- cyclohesylMiinoCOjCHj- 5.4 x 10"® 
£iA CH3CK2- A-tHfluoreaothylphonylaaino- 

C02^^- 2.6 » 10"^ 

til CH3CH2- 3.4-dicsotho)cyphonylC«2C02CH2- 3 x 10"® 

^ CH3CH2- 6-(2,3-diQothogypyHdyl)CgCC0 gCH ^- 2.7 « 10"® 



s. 
t. 



M. fiii CH3CH2- 4-fluorophQnyloa«noC02CM2- 5.0 k 10"® 

Ooublo bonds within tho c;oioly oro in Iho icffli configurations. 



In a second class of this embodinnent are mose compounds wherein R is OSO2R1, Exennplifying this 
35 class is the compound described in Table III. 



40 



45 



so 



55 
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TABLE TTT 




CONFIGURATION 
AT 3, 4 

POSITIONS IL^ 

iix CH3CM2- 4-a:3pheny1S020CH2- Mi 10*^ 



In a second embodiment of the present invention are those compounds of formula (I) wherein: 
R is 0-(C0)p2-(A)pi-Rt. ARi or R together with Ro and the C to which it is attached form 



fo jlO 




and P2 are independently 0 or 1. provided that Pi and P2 are not both zero: 
Ro is H. CH3. or phenyl: provided that when R is 0-(C0)p2-(A)-fM-Ri . Ro is CH3 or phenyl: 
Rs IS H. 

In one class of this embodiment are the compounds wherein: 

fo jlp 
R is -C - C - Rj^ or " 



Ro is H. or CH3. Exemplifying this class are the compounds in Table IV. 



9 
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TABLE TV 



10 



ts 




20 



CONFIGURATIOH 



25 



30 



35 





AT 3,4 






PQSTIOHS 




a.- 


trans— 




b. 




CM3CM2CH2- 


c. 


trans 


HOCH2. 






MOCM2 




tram 


CH3CH2- 


f. 




CH3CH2- 



phenyl C«C- 

ph«nylC*C- 

ph#riyKsC- 

phtnylCsC* 

phenyl CsCCMj 

phtnylCrCCHj 



1.5 X 10-* 
2.2 X 10-* 
1.1 X 10-^ 

1.1 K 10"^ 



S.O K 10" 
4.3 X 10 



-7 



40 



In a second ctass are the compounds wherein: 

R is 0-(C0)p2-(A)pi-Ri or AR, ; 

Ro is H. CH3 or phenyl: provided that when R is 0-(C0)p2-(A)pi-Ri. Ro is CHj or phenyl. 

Further illustrating this class are those compounds wherein Pi Is 0. Exemplifying this class are the 
compounds of table V. 



45 



so 



55 



10 
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TABLE V 




CONFIGURATION 
AT 3, 4 



4-W2Cph«fiy1NHCN2- 9.9 n 10*^ 



a. 




CK3CH2- 


b. 


111 


CH3CH2* 


c. 




CH3CH2- 


d. 


sli 


CH3CH2- 


• . 




CH3CH2- 


f. 




H 


9- 




H 



r6 



phenyl CHjCHj- 8.6 k 10"^ 

A^OphtnylCOjittHj 1.2 x 10"^ 

phtnylCHjCHOij 1.75 x 10"^ 

I 

A-CH30phtnylC02CMpli«nyl 2 x 10 
IJHCHCH3 
OCOCH3 
CH3C02CH2p4CH3 



phtnylCHCHCH, 4.9 x 10*^ 



2.9 X 10"^ 



A third embodiment of the present invention is represented by those compounds of formula (I) wherein: 
Ro is H, CH3 or CH2 phenyl; 
Rs is Ct-5 alkyi. or C1-5 alkoxy; and 

R is 0-(C0)p2-(A)pi-Ri . ARi . or R together with Ro and the C to which it is attached form 

-C - yC - Ri or 

-C « C - R^; 

Pt and Pz are independently 0 or I; provided that both Pt and P2 are not both zero. Exemplifying this 
embodiment are those compounds of formula (t) described in Table VI. 



11 
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TABLE VI 




o 



'S0,-<P>— CH, 





CH3 
CH3 
CM3 
CH3 



phenyl 




phenyl CK2CH2- 



T 



6.8 s 10 



A 



1.1 R 10 



1.6 X 10 



K 10 



1-7 



.-7 



The alkyi groups referred to above may be straight chain or branched or may include cycloalkyi groups. 
Halogen or halo means fluoro, chloro, bromo or iodo. 

The non-optically active compounds of the present invention may be prepared according to Scheme I. 
Trimethylsilyl amine is added to an a.^ unsaturated aldehyde to form an imine which is then condensed 
with an ester moiety for form a 3-lactam of formula (1-1). Compound (1-1) may. under ozonolysis conditions, 
be converted to the aldehyde (1-2) or the alcohol (1-3) or (l-i) may be reduced to compound (1-4) which can 
be sulfonated at the lactam nitrogen. Compound (1-1) may also be converted to the epoxide which can be 
converted to esters of formula (1-6). The aldehyde compound (1-2) may be treated with a Grignard reagent 
to form compounds of formula (1-7) where Ro is methyl or phenyl or benzyl. The alcohol (1-3) can be 
protected at the hydroxyl group, then sulfonated, deprotected and treated with an acylati'ng agent to form 
compounds of formula (1-9) or an isocyanate" to form compounds of formula (I-IO). In the alternativ the 
acylation at the hydroxyl group may precede the sulfonatlon at the lactam nitrogen. 

Substituents on an aryl moiety either in r' or R* can be formed after acylation or sulfonation by 
conversion of aryl substituents such as -NO? to -NH? followed by further conversion of amino to an amide 
or sulfonamide functionality. 



12 



EP 0 415 487 A2 



COOBC 




(1-2) 



o 

CI-3) 




O 

CI-4) 



^ 'J ^iT^ TBAB/ICOH 



ir S0}CX 



(1-1) 



OK 



ocoir 



(1-9) 



ir coci s, 



ocoir 



Ar 

7BAB/1C0H 



4 — 



(1.2) 



CX-«) 



-^—HH pyr. i— 



ocoir 




(X-7) 



13 
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o 

(1-1) 



1.0, 



"•far 



H,N.C,I^-COOC-BU 



Cl-2) 



J IC OaR 



O Ife/Pd/c 



I. 




CeH,-CO,H R, 



■C,I^-CO,C-Bu 



11 



"■fa?".- 




CI- 3) - inldaaol* 



irsOjCi 



1 

R, 

o ^ Nsoiir 

C1-8-) 



o 



o 

COOH 



(1-10) 



CI-9) 



The optically active compounds of the present invention can be prepared as outlined in Scheme 
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f5 



20 



25 



30 



35 




Cii-i) 



40 

Where the cis R.R stereoisomer is desired It may be formed in the above sequence by employing D- 
aspartic acid in"piace of L-aspartic acid. The alcohol (11-1) may be further converted to the corresponding 
alkyl halide with retention of configuration. ^ 

The present invention is also directed to a method of inhibiting cholesterol biosynthesis which. • 
45 comprises the administration to a subject in need of such treatment a nontoxic, therapeutically effective 
amount of a compound represented by the following general structural formula (I) and pharmaceutically 
acceptable salts thereof. 

The present invention is also directed to a method of inhibiting tine activity of HMG-CoA synthase 

enzyme which comprises the administration to a subject in need of such treatment a nontoxic. 
50 therapeutically effective amount of a compound represented by the general structural formula (I) and 

pharmaceutically acceptable salts thereof. 

Specifically the compounds of this invention are useful as antihypercholesterolemic agents for the 

treatment of arteriosclerosis, hyperlipidemia. familiar hypercholesterolemia and the like diseases m humans. 

They may be administered parenterally in the form of a capsule, a tablet, an injectable preparation or the 
55 like. Doses may be varied, depending on the age. severity, body weight and other conditions of human 

patients but daily dosage for adults is within a range of from about 20 mg to 2000 mg (preferaoly 20 to 100 

mg) which may be given in two to four divided doses. High r doses may be favorably employed as 

required. 

15 

— -r 

u 
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The pharmaceutically acceptable salts of the compounds of this invention include those formed from 
cations such as sodium, potassium, aluminum, calcium, lithium, magnesium, zinc, and from bases such as 
ammonia, ethylenediamine. N-methylglucamine. lysine, arginine. ornithine, choline. N.N-diben- 
zylethylenediamine. chloroprocaine. diethanolamine. procaine, N-benzylphenethylamine, diethylamine. 
5 piperazine, tris(hydroxymethyl)aminomethane. and tetramethylammonium hydroxide. 

The compounds of this invention may also be coadministered with pharmaceutically acceptable 
nontoxic cationic polymers capable of binding bile acids in a non-reabsorbable form in the gastrointestinal 
tract. Examples of such polymers include cholestyramine, colestipol and poiy(methyi*(3- 
trimethylaminopropyOimino-trimethylene dihalide]. The relative amounts of the compounds of this invention 
10 and these polymers is between 1:100 and 1:15,000. 

The intrinsic HMG-CoA synthase inhibition activity of the compounds of this invention is measured by 
the standard in vitro protocol described below: 

The livers" from male Charles River CD rats (225-350 g) were homogenized in 0.25 M sucrose which 
was adjusted with phenylmethylsulfony (fluoride (PMSF) and N-p-tosyl-1 -lysine chloromethyl ketone (TLCK) 
IS so that the final concentration of each was 50 and 25 mg/ml, respectively. The homogenate was centrifuged 
at 15.000 X g for 20 minutes, the supernatant filtered through a fine nylon screen to remove most of the fat 
layer and recentrifuged at 100.000 x g for 1 hour. This supernatant was removed and i M potassium 
phosphate, dithiothreitol (DTT) and ethylene glycolbis(^-aminoethyl ether- N.N.N .N -tetraacetic acid (EGTA) 
added to give a final concentration of 0.1 M (pH 7.2). 0.5 mM and 0.1 mM. respectively. Solid ammonium 
20 sulfate was added to 50% saturation to the protein solution, it was centrifuged at 15.000 x g and the 
supernatant discarded. This precipitated protein could be stored at -70 * C for at least one month with very 
little loss of activity. The ammonium sulfate precipitate was dissolved in an minimal amount of 0.06 M 
potassium phosphate buffer (pH 7.2) containing 0.5 mM dithiothreitol and 0.1 mM EGTA (referred to as 0.06 
M phosphate buffer) and dialyzed overnight against 2 liters of the same buffer to remove the ammonium 
25 sulfate and to inactivate HMG-CoA lyase [Clinkenbeard, et al.. J. Biol. Chem. 250. 3108-3116(1975)]. 

The dialyzed extract was added to a column of DEAE-52 (Whatman) which had been equilibrated with 

0.06 M phosphate buffer (10 mg of protein to 1 ml bed volume of the resin). The OEAE*cellulose was eluted 
'with 0.06 M phosphate buffer until the optical density at 280 nm was essentially zero. This fraction 
contained the ^-ketoacetyl-CoA thiolase activity. The HMG-CoA synthase was eluted from the column with 
30 DIM phosphate buffer (pH 7.2) containing 0.5 mM DTT and 0.1 mM EGTA. and was virtually free of all 
thiolase activity. The protein was precipitated by the addition of ammonium sulfate to give 50% saturation. 
This solution was stirred for 10 minutes at 4* C and the precipitate collected by centrifugation at 15,000 rpm 
for 10 minutes. The supernatant was discarded and the precipitate dissolved in a minimum of 0.06 M 
phosphate buffer, pH 7.2 (about 10 ml) and the enzyme stored at -80* 0. 

35 

HMG-CoA Synthase Inhibition Assay 

Enzyme protein (ca. 24 mg) was added to a solution containing 117 uM Tris-HCI (pH 8.0), 11.7 aM 
40 MgCl2, 1.17 uM ethylenediaminetetraacetic acid (EDTA). 0.58 uM dithiothreitol. and the indicated con- 
centrations of the test compound (added as a 2 mg/ml solution in dimethylsulfoxide). The incubation took 
place in a volume of 0.085 ml at 30* in a shaking water bath. After 5 minutes. 15 ml of a solution containing 
acetoacetyl-CoA and 0.1 uCi of 1-{'*C]-acetyl-CoA was added to give a final concentrations of O.i and 0.4 
uM. respectively. The incubation was continued for 10 more minutes and the reaction stopped by the 
45 addition of 50 ml of the assay mixture to 0.2 ml of 6N HCl in a glass scintillation vial. The vial was heated 
for 1 hour at 120* after which time 0.2 ml more of 6N HCl was again added to each vial and the heating 
continued for another hour. Following this, 1.0 ml of 0.9% saline was added to each vial and finally 10 ml of 
scintillation liquid. Radioactivity was determined in a Packard Tri-Carb liquid scintillation counter. 
Percent inhibition is calculated by the formula: 

50 

Coatrol^^llank 

55 

ICso values were determined by plotting the log of the concentration of the test compound verses the 
percentage inhibition and fitting a straight lin to the resulting data by using th least squares method. 
The following examples illustrate the preparation of compounds of formula (I) and as such are not to be 
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considered as limiting the Invention set forth in the claims appended hereto. 



Example 1 

5 



Preparation of (tKis-3'Ethyl-4-hydroxymethyl*2-a2etidinone 



10 

Method t: 



Step A: Generation of N'Trimethylsilyl Imine Solution: 



To a cooled solution of 10.54 ml (50 mmol) of 1.1.1.3,3.3- hexamethyldisilazane in 36 ml of anhydrous 
THF at -78* C was added 19.24 ml (48.1 mmol) of 2,5 M n -butylHthium in hexane in one portion. The 
resulting solution was stirred for 30 minutes at -78* C and to "this solution was then added dropwise 5.7 ml 
(45.4 mmol) of cinnamaldehyde in 12 ml of THF. The mixture was stirred for 1 1/2 hours and the resulting 
20 cold solution of N-trimethylsilyl imine was used directly in the following reaction. 



Step B: Preparation of (i)H:is-3'EthyM'(^'Styryl)«2-a2etidinone 

25 To a cooled solution of 7.26 ml (51.7 mmol) of diisopropylamine in 40 ml of THF at -78* C was added 
21 ml (52.5 mmol) of 2.5 M n -butyllithium. The solution was stirred for 10 minutes at -78 'C then 15 
minutes at room temperature followed by the addition of 6 ml (45.4 mmol) of ethyl butyrate in 12. ml of THF. 
After stirring for 1 hour at -78* C, to this solution was added dropwise the above generated (Step 3A) cooled 
solution of N-trimethylsilyl imine. The resulting mixture was stirred at -78* C for 1 hour then at room 

30 temperature for 2 hours, quenched with 300 ml of cooled 1 N HCI. and extracted with 3 x 100 ml ether. The 
ether phases were combined, dried and concentrated. The product was purified by flash column chromatog- 
raphy (Rf = 0.25. 30% EtOAc in hexane) to afford the product /9-lactam. 

NMR (CDCb): 6 1.00 (3H. t). 1.48-1.88 (2H. m). 3.32 (1H, m). 4.40 (1H. m). 6.12 (1H. s). 6.24 (1H, dd). 6.64 
(1H,d). 7.21-7.38 (SH.m). 

35 

Step C: Preparation of (t)-cis-3-Ethyl-4-hydroxymethyl-2-azetidinone 

A solution of 13 g (64.5 mmol) of {i)-cis -3-ethyl-4-(/9-styryI)-2-a2etidinone in 400 ml of CH2CI2 was 
40 ozonized at -78' C until the solution turned blue. The resulting solution was stirred for 20 50 minutes at 
-78* C then 30 minutes at room temperature. The solution was recooled to -78' C and to this solution was 
added 14 ml (190 mmol) of methyl sulfide. After stirring for 10 minutes at -78 *C and minutes at room 
temperature, the solution was concentrated and the residue was redissolved In 400 ml of methanol and. 
cooled to O'C. 5.5 g (149 mmol) of sodium borohydride was added slowly to the cooled solution. The 
45 resulting mixture was stirred for 20 minutes at O'C then 1/2 hour at room temperature and concentrated. 
The product was purified by flash column chromatography to yield the titled compound. 
NMR (COCb): S 1.08 (3H. t). 1.50-1,89 (2H, m). 3.17 (1H. m) 3.66-4.00 (3H, m). 6.89 (IH, s). 

50 Method Ih 

To a solution of 500 mg of (i)-cis -3-ethyl-4-benzyloxycarbonyl-2-azetidinone (2.1 mmol) in 20 ml of 
anhydrous THF was added dropwisi"l.O ml of 2M lithium borohydride-THF solution. The mixture was 
stirred at room temperature for 5 hours and quenched with 1 .5 ml of methanol dropwise in the cold. The 
55 mixture was concentrated and the residue purified by preparative tic on silica gel plates dev loped with 
ethyl acetate to give the titled compound. 
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Example 2 



5 Preparation of (tKis-3-Ethyi-4-hydroxymethyt-N-toluenesulfonyi*2«azetidinone 



Step A: Preparation of (i)-cis-3-Ethyl*4«t-butyldimethyisilyloxymethyi-2-azetidtnone 

10 187 mg of (t)-cis -3-ethyl4-hydroxymettiyl-2-a2etidinone. 300 mg of imidazole, and 300 mg of t - 
butyldimethylsilyl chloride in 3 mt dry dimethylformamide (DMF) were stirred at room temperature for 2 
hours. The mixture was concentrated to dryness and 25 ml of HjOiEtOAc (2:3) were added. The mixture 
was washed 3 times with 3 ml of H2O to remove DMF and imidazole and then dried over Na2S04 and 
concentrated to yield the titled compound as white crystals. NMR (CDCI3): 5 0.06 (6H. s). 0.89 (9H. s>. 1.06 

15 (3H. t). 1.48-1.88 (2H. m). 3.14 (1H. m). 3.56-3.90 (3H. m). 5.86 (1H, brs). 



Step B: Preparation of (tH:is-3-Ethyl-4-t-butyldimethylsiiyloxymethyl-N'toluenesulfonyl*2*azetidinone 

20 The product of Step 2A and 300 mg of tosyi chloride were dissolved in 10 mi of i% tetrabutyiam- 
monlum bromide solution (CH3CN:CH:»Cl2 = 1:1 9). 100 mg KOH was added and the mixture stirred for one 
hour. The mixture was filtered and the filtrate concentrated to give the crude product. NMR (CDCb): 5 0.07 
(6H. d). 0.88 (9H, s). 1.04 (3H, t). 1.8 (2H. m). 2.44 (3H, s). 3.15 (IH. m). 3.84-4.16 (3H, m). 7.4 (2H, d), 7.9 
(2H, d). 

25 



Step"C:"Preparaiio'n~bf 0!:>cis-3-£thyl-4-hydroxymethyi-N-toluenesulfonyi-2-azetidinone 

To the product of Step 2B (100 mg) dissolved in 2 ml of THF was added 150 ul of aqueous HF, and 
30 the mixture stirred at room temperature for 4 hours. The mixture was filtered through silica and washed with 
1:1 EtOAc/aq. NaHCOa and dried over NaaSOi. The mixture was filtered and concentrated to a colorless oil 
which was flash chromatographed to yield the title compound. NMR (CDCI3): 5 1.04 (3H, t). 1.50-192 (2H. 
m). 2.47 (3H. s). 2,65 (IH, brs), 3.15 (IH, dt). 3.80-4.15 (3H. m). 7.40 (2H, d), 7.90 (2H, d). 

35 

Examole 3 



40 Preparation of (t)-cis-3-Ethyl«4*p"methoxyphenyiacetoxymethyl'N*toluenesulfonyl-2«azetldinone 

To (t)-cis -3-ethyl-4-hydroxymethyl-N-toiuenesulfonyl-2-azetidinone (3.3 mg) and p-methox- 
yphenytaceticacid (3.7 mg) in CH2CI2 (0.6 ml) was added dicyclohexyicarbodiimide (OCC) (5 mg) followed 
by p -dimethylaminopyridine (DMAP) (1 mg). The mixture was stirred overnight, at room temperature and 
45 then" purified via preparative tic on a silica get piate and developed with CH2CI2 to yield the titled 
compound. NMR (CDCb): S 0,94 (3H, t), 1.22-1 74 {2H. m). 2.44 (3H. s). 3.18 (IH. dt). 3.45 (2H. q). 3.79 
(3H. s). 4.20-4.50 (3H, m), 6.98 (4H. dd). 7.61 (4H. ad). 



so Examole 4 



Preparation of (±)-cis-3-Ethyl-4-(2-phenyi)ethyi-2-azetidinone 

- To (t)-cis -3-ethyl-4-(^-styryl)-2-azetidindne (28 mg) in 2 ml of EtOAc was added 3 mg of 10% Pd/C. 
The mixturewas hydrogenated at room temperature and 1 atmosphere. (Ha consumed - 0.000139 moles). 
The solution was filtered and the filtrate concentrated and purified by preparative tic. to yield the titled 
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compound. NMR (CDCI3): 6 1-06 (3H, t). 1.45-2.08 (4H. m) 2.70 (2H. dt). 3.11 (1H. dt) 3.70 (1H. m) 5.70 (1H. 
brs) 7.10-7.39 (5H. m). 

Example 5 



Preparation of cis-(3S).(4S)-3-Ethyl-4'[(Rha-methoxyphenylacetoxy]methyl-N-toluenesutfonyl-2-azetidinon 
and cis-(3R).(TR)-3-Ethyl-4-[(R)-a-methoxyphenyiacetoxy]methyi-N*toluenesulfonyl-2-a2etidinone 



Step A: Preparation of cis(t)-3-Ethyt-4-((R)>a'methoxyphenytacetoxy]methyi'2-azetidtnone 

To (tyds -3-ethyl-hydroxymethyl-2-a2etidinone (26 mg) and R-(-)-a-methoxyphenylacetic acid (54 mg) 
In CH2CI2 {6*ml) was added DCC {62 mg) followed by addition of p -dimethylaminopyridine (12 mg). The 
mixture was stirred at room temperature overnight and the filtrate concentrated and purified via preparative 
ttc on a silica gel plate (1500 u) and developed with CH2CI2 halfway and then EtOAc:CH2Cl2 = 1:1 to yield 
the titled compound. NMR (CDCI3): 5 1.00 and 1.01 (3H, 2t). 1.2-1.8 (2H. m), 3.15 (1H. m). 3.21 (3H, s). 3.79 
{1H. m), 4.15 {1H. m). 4.38 (1H. m). 4.80 (IH. s). 5.61 (IK brs). 7.40 (5H, m). 



Step B: Preparation of cis(t)-3-Ethyl-4-[(R)-Q«methoxypher>ylacetoxy)methyi-N-toluenesutfonyl-2-a2etidlnon 



To the product of Step 5A (20 mg) in 0.8 ml of 1% tetrabutyi ammonium bromid solution 
(CH3CN:CH2Cl2. 1:19) (TBAB solution) was added excess tosyl chloride and pulverized KOH. The mixture 
was stirred at room temperature for 36 hours. The mixture was then filtered and concentrated and the 
residue purified by preparative ttc on a silica gel plate (1500 u) developed halfway with CH26I2 and then 5- 
10% EtOAc in CH2CI2. to yield the titled compound. NMR (CDCb): 5 0.78 and 0.88 (3H. 2t). 1.0O-1.70 (2H. 
m). 2.45 and 2.47 (3H. 2s). 3.1 (IH, m). 3.38 and 3.42 (3H. 2s), 4.10-4.38 (2H. m). 4.40-4.60 (IH. m), 4.49 
and 4.80 (IH; 2s). 7.20-7.97 (9H. m). 



Step C: Separation of ciS'(3S),(4S)-3-Ethyl-4-[(R)>a-methoxyphenyiacetoxylmethyl-N-toluenesulfonyl-2- 
iietidinone and cis-(3R)T4fl)-3'Ethyl-4-((R)«a-methoxyphenyiacetoxy]methyi-N-toluenesulfonyl-2-a2etidinone 

The product of Step 5B (3.6 mg) in CH2CI2 (0.25 ml) was spotted dropwise on 2 silica gel plates (250 
u) and developed with: . 
EiOAc:Hexane = 1 :9 4 times 
EtOAc:Hexane = 1:8 2 times 
EtOAc:Hexane = 1 :7.5 once 

to give the (3S).(4S) titled compound (high R,); NMR (CDCI3): « 0.88 (3H, t). 1.14-1.70 (2H, m). 2.45 (3H, s), 
3.1 (IH, m), 3.42 (3H. s). 4.12-4.38 (2H. m). 4.48-4.60 (IH, m). 4.80 (IH. s), 7,20-7.90 (9H. m); and the {3R)- 
.(4R) titled compound (low R,) NMR (COCI3): 6 0.78 (3H. t), 1.00-1.78 (2H. m). 2.47 (3H. s). 3.1 (IH. m), 3.38 
(3H. s). 4.10-4.38 (2H. m). 4.40-4.60 (IH, m). 4.49 (1H, s). 7.20-7.96 (9H. m). 



Example 6 



Preparation of cis-(3S).(4S)-3-Ethyl-4-hydroxymethyl-N-toluenesulfonyl-2-azetidinone and trans-(3R).(4S)-3- 
Ethyl-4-hydr6xymethyl-N-toluenesulfonyl-2-a2etidinone 



Step A: Preparation of (3S)'3-8en2yloxycarbonylamino-2-ethyl-T*Hityrolactone 

The titled compound was prepared from N-CBZ-L-aspartic acid in three steps via th formation of 
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CBZ-L-aspartic acid anhydride and (3S)-3*benzyloxycarbonylannino-rbutyrolactone according to the pub- 
lished procedure by Y. Takahashi et al Chem . Pharm . Bull .. 34 . 3020 (1986). 



5 Step B: Preparation of (3S)-3-Ben2yioxycarbonylannino-4't-butyidimethylsilyloxy-2-ethylbutyric acid 

To a solution of (3S)-3-Ben2yloxycarbonylamino-2-ethyl-r*utyrolactone (24 g) in 300 m\ of methanol 
was slowly added 100 ml of 1 N NaOH at 0* C. The mixture was stirred at 0-5* C for 25 minutes and then 
at room temperature for 20 minutes, h/lethylene chloride was added (2 x 150 ml) followed by the addition of 

10 2.5 N HCI to bring the pH of the aqueous layer to 6.0. Ethyl acetate (900 ml) was added to the aqueous 
solution and the EtOAc layer concentrated to an off-yellow oil. The aqueous layer was brought to pH » 3.0 
and then extracted again with EtOAc. The two ETOAc extracts were conbined and dried over NaaSO* and 
concentrated to a yellow oil which then crystallized in an ice bath. 

The crystallized product was combined with 75 g t -butyldlmethylsilyl chloride and 70 ml of 

IS triethylamine and 400 ml of OMF and stirred for 2 hours. The precipitated salts were filtered and the filtrat 
stirred for 30 minutes and then concentrated to 100 ml. An ethyl etherwater (1000 ml:200 ml) mixture was 
added and the ether layer concentrated to a yellow oil which was then dissolved in 500 ml of methanol. The 
mixture was stirred at O' C and 100 ml of 1 N HCI added and stirred for 15 minutes at 0* C and 10 minutes 
at room temperature. 80 ml of l N NaOH was added to bring the pH to 5.0 and the mixture concentrated to 

20 200 ml. The ETOAc layer was washed with sat. NaCI and dried and concentrated to a brown oil. The crude 
solid was purified by flash chromatography to yield the titled compound. NMR (CDCb): 5 0.07 (6H. s). 0.86 
(9H, s). 0.80-1,12 (2K m), 1.5-1.9 (2H, m). 2.56 (1H. m), 3.68 (IH, m). 3.98 (1H. m). 4.25-4.50 (1H. m). 5.12 
(2H, s). 5.26 (IK d), 7.36 (5H,s). 

25 

Step C: Preparation of (3S)-3-Amino-4-t-butyldimethylsiiyloxy-2-ethylbutyric Acid 



To a solution of the product of Step 6B in 500 ml of methanol was added 2.0 grams of 10% Pd/C and 
the mixture hydrogenated over hydrogen at 40 psi. The catalyst was removed by filtration and the solution 
30 concentrated to a colorless oil. The oil crystallized in ether/hexane. The solid was broken up, filtered and 
washed with ether to yield the titled compound which was employed in the next step. 



Step D: Preparation of (4S)^t-Butyldlmethylsilyloxymethyl-3-ethyl-2-azetidinone 

3S 

The product from Step 60 (8.0 g), 1 1 .0 g of triphenylphosphine, 8.8 g of 2.2'-dipyridyl disulfide m 3 
liters of CHsCN were heated for 4 hours. The mixture was concentrated to dryness, redlssolved m CH2C12 
and stirred at O'C with the addition of 16 ml of EtjN and 20 ml of CHal. The mixture was stirred for 30 
minutes at 0*0 and concentrated to dryness. Ether (500 ml) was added and the insoluble salts filtered off. 

40 The ether solution was concentrated to a reddish oil and the crude product flash chromatographed using 
the following solvent gradient: 
1 I 30% OH2Cl2/hexane 
1 I 50% 0H20l2/hexane 
1 I OHaCIa 

45 500 ml ether 

to yield the titled product. 

NfvIR (ODOI3): a 0.06 (6H. s). 0.88 (9H. s). 1.06 (3H. t), 1.50-1.86 (2H, m). 3.14 (IH. m). 3.58-3.86 f3H. m). 
5.86 (1 H. brs). 

50 

Step E: Preparation of (4S)-4-t-Butyldimethylsilyloxymethyl-3-ethyl-N-toluenesulfonyl-2-azetidinone 

The product of Step 60 (2.0 g). 20 g of tosyl chloride and 1 .2 g of powdered KOH were stirred in 1 20 
ml of 5% CH3CN in CHaClj containing 1% tetrabutyiammonium bromide, at 0* C for 15 minutes, then room 
55 temperature for 90 minutes. The mixture was chromatographed (CHaO^rh xane:ether s 3:7:1) to yield a 3:1 
cis : trans mixture. NfviR (COCI3): 5 0.07 (6H. s). 0:87 (9H, s) 1.05 (3H. t)," 1 -58-1 :94 (2H. m). 2.45 (3H, s), 
3.15 (IH, m), 3.82-4.14 (3H. m), 7.36 (2H. d). 7.88 (2H. d). 
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Step F: Preparation of cis-(3S).(4S h3-Ethyi'4'hydroxymethyl«N-toluenensulfonyi-2-a2etidinone and trans- 
(3R)l(4Sh3^Ethyi«4-hydroxymemyl«N-toiuenesulfonyl*2-a2eti^ 

The mixture from Step 8E was dissolv d in 50 ml of THF and 1.0 g of tetrabutylammonium fluoride and 
5 2.0 ml of 50% HF were added. The mixture was stirred at O' C for 30 minutes, then room temperature for 

18 hours. Saturated NaHCOa solution was added to neutralize th reaction mixture followed by ether/H20 

with stirring for 30 minutes. The mixture was filtered, concentrated to dryness and dissolved in ether/EtOAc. 

The mixture was flash chromatographed to yield the cis (S.S) and trans (R,S) isomers. 

NMR of cis isomer (CDCb): « 1.04 (3H, t). 1.5-1.9 (2H. m). 2.47 (3H. s). 2.70 (1H. dd). 3.15 (1H, dt). 3.82- 
70 4.12 (3H. m). 7.38 (2H, d). 7.90 {2H. d). 

NMR of trans isomer {CDCI3): 5 0.92 (3H, t). 1.32-1.94 (2H. m), 2.46 (3H, s). 2.49 (1H, m). 3.80-4.30 (3H, m). 

4.78 (1H. m). 7.36 (2H. d). 7.78 {2H. d). 

75 Example 7 
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Preparation of cis-(3S),(4S)-3-Ethyl-4-m-pyridine acetoxymethyl-N-toluenesultonyl-2-a2etidinone 



cis -(3S).(4S)-3-Ethyl-4-hydroxymethyl-N-toluenesulfonyl-2-a2et!dinone (137 mg) and 70 mg of 3- 
pyridylacetic acid. 125 mg of DCC, and 5 mg of DMAP in 5 ml CH2CI2 were stirred at room temperatur for 
18 hours. The mixture was worked up and the product crystallized from ETOAc/hexane. 
NMR (CDCI3): 5 0.97 (3H. t). 1.3-1.8 (2H. m). 2.44 {3H. s). 3.20 (IH. dt). 3.60 (2H, s). 4.2-4.6 (3H. m). 7.2-7.9 
25 (8H. m). 



Example 8 

30 

Preparation of ciS'(3R).(4R)-3-Ethyl-4-hydroxymethyl-N'toluenesulfonyl-2-azetidinone and trans-(3S).(4R)«3- 
Ethyl-4-hydroxymethyi-N-toiuenesulfonyl-2-a2etidinone 

35 Using N-CBZ-O-aspartic acid in place of N-CBZ-L-aspartic acid and employing the procedure of 
Example 5 the titled compounds were obtained. 



Example 9 



Preparation of (i) cis*3«Ethyl«4>hydroxycarbonylphenylaminomethyi-N-toluenesutfonyl*2-a2etldinone 



Step A: Preparation of (±Kis-3-Ethyl-4-(/3-$tyryl)-N-toluenesulfonyl-2-azetidinone 



70 mg of (iKis -3-Ethyl-4-(^-styryl)-2-a2etidinone was dissolved in 3 ml of TBAB solution; 100 mg of 
tosyl chloride andTo mg KOH were added and stirred at O'C for 15 minutes, and then room temperature 
50 for one hour. The crude product was chromatographed on a silica column using 20% ETOAc in hexanes as 

eluent to give the titled compound. 

NMR (CDCb): 5 0,96 (3H. t), 1.40-1.86 (2H. m). 2.43 (3H, s). 3.32 (IH. m), 4.76 (IK m), 5.92 (IH. dd), 6.73 
(IH. d). 7.29 (7H. m). 7. 81 (2H. d). 



Step 8: Preparation of (t)-cis-3-Ethyl*4'formyl-N-toiuenesulfonyi-2*a2etidinone 

The product of step (9A) was dissolv d in 5 ml of a 2:1 mixture of CH2CI2 and methanol. The mixture 
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was stirred at -78* C and ozone was bubbled in until a blue color presisted. The mixture was stirred at 
-78* C for 30 minutes and then room temperature for 30 minutes. Dim thyl sulfide (200ul) was added and 
the mixture stirred at room temperature for 1 hour. TLC showed the absence of starting material. The 
solution was concentrated to giv the crude titled compound without further purification. 

5 

Step C; Preparation of Schiff Base: 

To the mixture of step (96) was added methanol (0.8 ml) and 20 mg. of t -butyl-p -aminobenzoat and 
70 5 mg toluenesutfonic acid and the mixture stirred at room temperatur for 18 hours, to'yield the crude Schiff 
base. 



Step D: Preparation of (t) cis-3'Ethyl-4-t-butoxycartX)nylphenylaminomethyl-N-toluenesulfonyl-2-azetidinone 

75 

The product of step (90) was hydrogenated at 40psi in the pressence of 10% Pd/C. Flash chromatog- 
raphy gave the crude titied product. 

20 Step E: Preparation of (s) cis-3*EthyM-hydroxycarbonyl* phenylaminomethyl'N-toluenesulfonyl-2- 
azetidinone 

The tert •bu^/! moiety was cleaved using 30% trifluoroacetic acid (TFA) in CHjCis for 5 hours io giv 
the titled "com pound. 

25 

Exampie"10~~ 



00 

Preparation of (£)-3.3-Dimethyl'4-(1.2-epoxy-2-phenyl)ethyt-N'toluenesuifonyi-2-azetididinone 
Step A: Preparation of (£)-3.3*Dimethyl-4-(l.2*epoxy-2-phenyl)ethyl»2'azetinone 

35 

To 670 mg of (t)-3.3-Dimethyl-4-(^-styryl)-2-azetidinone in 10 ml of CH2CI2 was added 616 mg of m - 
chloroperbenzoic acid. The mixture was stirred overnight, and filtered. The filtrate was purified via prep.^tlc 
on silica gel plates developed with CH2Cl2:hexane (1:1). The impure product was further purified* via prep, 
tic on silica gel plates developed with EtOAc:hexane (2:3) to give the titled compound. NMR (CDCIsFs 1 -28 
40 (3H. s). 1.40 (3H. s), 3.1 (1H. dd), 3.26 (1H. d). 3.69 (IK d). 6.17 (IH, brs). 

Step B Preparation of (t)-3,3-Dimethyl-4-(l.2-epoxy-2'phenyl)ethyl-N-toluenesuifonyl«2-a2etidinone 

J5 To 25 mg (±)-3,3-Dimethyl-4-(1,2-epoxy-2-phenyl)ethyl-2-a2etidinone in 0.3 ml of TBAB solution was 
added 120 mg of tosyl chloride and 20 mg of pulverized KOH. The mixture was stirred at room temperature 
overnight. The mixture was filtered and the filtrate purified via prep, tic on silica gel (lOOOu) developed witii 
hexane:CH2Cl2 (1 :4) to give the titled compound. 

NMR (CDCI3): 5 1.21 (3H, s). 1.25 (3H. s). 2.45 (3H, s). 3.06 (1H. dd). 3.51 (1H. d). 3.82 (IH, d). 7.2-7.5 (7H. 
50 m). 7.60 (2H. m). 



Example 11 



Preparation of (t)-3.3-Dimettiyl*4-(l -benzoyloxy'2-ph nyl)ethyl'N-toluenesulfonyl« 2-azetidinone 
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Step A Preparation of (£h3.3-Dimethyl'4-(1'hydfOxy-2-phenyl)ethyl'2-a2etidinone 

A solution of 64 mg of (♦)-3,3-Dim3thyM-(l,2-6poxy-2-phenyl)ethyl-2-a2etidinone in 5 ml of EtOAc was 
hydrogenated at 1 atm. In the presence of palladium for 1 hour. The mixture was filtered through a celite 
pad washed with EtOAc/MeOH. The filtrate was concentrated to give the titled compound. 
NMR (CDCb) 6 1.28 (3H. s). 1,34 (3H, s) 2.64 {1H. dd). 2.86 (1H. dd). 3.30 (1H, d). 3.87 (1H. t). 6.05 (IH. s). 
7.0-7.5 (5H. m). 

Step B: Preparation of (t)-3.3-Dimethyi-4-(l-benzoyloxy-2-phenyl)ethyl-2-azetidinone 

To 25 mg of the product of step (11 A) in 0.5 ml of CH2CI2 was added 0.2 ml of pyridine and then a 
solution of 0.1 ml of benzoyl chloride in 0.2 ml of CH2CI2. The mixture was stirred at room temperature for 
2 hours and concentrated. The residue was pumped to dryness and purified via prep, tic on silica gel 
(1500U) developed with 10% EtOAc in CH2CI2 to give the titled compound. 

NMR (CDCIa): 5 1.24 (3H. 3). 1.33 (3H. s). 3.06 {2H, ddd), 3.58 (IH. d). 5.50 (IH, dd). 5.61 (IH. m), 7.1-7.7 
(8H, m). 8.0 (2H. dd). 

Step C: Preparation of (t)«3,3'Dimethyl-4-(Vben2oyloxy2-phenyl)ethyl'N*toluenesulfonyl-2"azetidinone 

To the product of step (11B) in 0.2 ml of TBAB solution was added 50 mg of tosyl chloride and 10 mg 
of pulverized KOH and the mixture stin-ed at room temperature overnight. The mixture was purified via prep, 
tic on silica gel (lOOOu) and developed with CH2CI2 halfway and then 2% ETOAc in CH2CI2 to give the 
titled compound. 

NMR (CDCIa): 5 3.14 (3H. s). 3.15 {3H. s), 2.40 (3H. s), 3.24 (2H. ddd). 4.03 (IH. d). 5.36 (IH, m). 7.2-7.6 
(10H. m). 7.70 (2H. dd). 7,89 (2H. d). 



Claims 

1 . A compound of structural formula (1) 



wherein: 
Q is 

a. Ci -s alky I. 

b. Cfi-to aryl or C«-io heteroaryl including one heteroatom selected from N, 0, or S; 

c. C7-5 aralkyi or C7-15 heteroaralkyi; 

d. C«-io aryl or Cs-to heteroaryl substituted with W; 

e. C7-15 aryl or C;-is heteroaryl wherein the aryi or heteroaryl moiety is substituted with W; 

f. OH; 

R3 and Rs are independently selected from: 

a. H, 

b. Ci -5 hydroxyalkyi, 

c. Ci -5 alkyl. 

d. Ci -5 alkoxy, 

e. C2-e alkenyl; 
Ri is CHRoR; 

Ro is H, Ci-s alkyl, ph nyl or phenyl C^-s alkyl: 




CD 



23 
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R is 

a. 0-(C0)p2-(A)p,-Rt. 

b. OSOjRu 

C. AR,. 

5 d. R together with Ro and the C to which it is attached form 

-C-C-Ri ; 

e. R together with Ro and the C to which it is attached form 



>5 



pi and P2 are independently 0 or 1; provided that Pi . and P2 are not both 0; 
20 R, is 

a. H. 

b. aryl, or a heteroaryl group of 5 to 10 atoms, including one to two heteroatoms. selected from 



25 




30 



35 



40 



c. phenyl S(0)n wherein n Is 0 to 2. 

d. Ca-s cyctoalkyi; 
B is 0. N or S; 

A is 



45 



a. CH» 



50 



55 



C. NH; 
R2 is 
a. H. 



5' 

b. -C-C-, 
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b. Cy -s alkoxy. 

c. Ci-s aJkyl. 

d. OH, 

e. 0C(0)CH3; 

5 W is 

a. C.-5 alkyi. 

b. Ci-5 alkoxy, 

c. NO2, 

d. NHR3. 

70 e. C1-3 alkylS(0)p3 

f. halogen. 

g. COORa. 

h. 0C0R3. 

i. NHCORa. 

75 j. NHS02R3. 

k. NHS02ph6nyl: 

X, Y. and Z are independently selected from: 

a. H, 

b. halogen, 
20 c. C: -5 alkyl 

d. Ci -5 alkoxy. 

e. Ci -5 alkoxycarbonyi 

f. Ci-s alkylcarbonylamino. 

g. amino, 
25 h. phenoxy. 

i. phenyl C1-5 alkoxy, 
j. C1-.5 alkylS02NH. 
k. NO2. 

I. diphenylmethyloxycarbonyl. 
30 m. C1-5 alkylthio, 

n. aminocarbonyl. 

o. carboxy. 

p. Ci-salkenyloxy 

q. C 1-5 alky tamido. 
35 r. trifluoromethyl. 

2. A compound of Claim 1 wherein: R is 0-(C0)p2-(A)pi Ri. and Ro and R5 are H. 

3. A compound of Claim 2 wherein pi is 0 p2 is 1 and Q is 4.methylphenyi. selected from the group where 
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and the 
conf{9urat1on tt 



a • 








K 




» a * * — . 1 ^ i 4. m 

>^ttnantsui fonaaioopnany i«^02^'7* 


ill 








£11 


d. 




4^ V f 4 d v1 CO«»CH.- 


£11 


f . 


CH3CH2- 


2 -D V r i d V 1 C0<« CH«- 


Ul 


f . 


CH2CH2- 




£11 


9- 


CH3CH2* 


2»furany1C02CH2- 


£11 


h. 


CK2CH2- 




£11 




3 Z 


<1 ■wthowyphtny 1 CO2CH2- 




j. 




4-«iethoxypheny 1 C02CK2«' 


h I m 


k. 


CH2CH2- 






1 . 


CH2CK2- 






HI* 


CM rH— 


i<«« 4 Awl ro ru 
^■pyri ou 1 ny 1 wu^cn^* 


£il 


n . 


CH3CH2. 






0. 


CH3CH2- 


3-furanylC02CH2- 


£ii 


p. 


CH3CH2- 


Z^quinollnylCO^CHj- 


£ll 


q. 


CH3CH2- 


4-^nzoxyphtnyl CO2CH2- 


£il 


r. 


CH3CH2- 


4-^ui nel X nyl CO2CM2- 


£ll 


s. 


CH3CH2- 


2-thi«ny1C02CH2- 


£il 


t. 


CH3CH2- 


3-(2-ph«noxypyr{dy1 )C02CK2* 


£ii 



40 



45 



50 



55 
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and tht 

CDfiflguration at 



h 


B4 the 3.4 M 




B^jCONHphtny 1 CO2CH2- 


£il 


CH^CH2- 




£il 


CH^CN2- 


4.U Ph )2C0OC) phtny 1 CO2CH2- 


£il 




4.4IOOCphtny 1 CO2CH2- 


£ll 




4-N02Ph«ny1C02CH2- 


£11 




4-CK30ph€nylC02CH2- 


£il 




4-CH30ph«nylC02CH2- 


£ll 




3-pyrtdylC02CH2- 






4^H30ph«ny1C02CH2* 






ph«ny1C02CH2- 






3^ouiiary1C02CH2- 






2-btnz 0 f u rany 1 CO2CH2- 




CH2CH2«* 


2-furany1C02CH2« 


s.s 


CHjCHCH^- 


4^thoxyphtny 1 C02CH2* 


£ii 


CH2CH2- 


4-CH302Cph«ny 1 CO2CH2- 


£ii 


CH2CH2'- 


4-A-buty 1 carbanoyl phtny 1 CO2CH2- 


£ii 




4-«n<nophany1C02CH2- 


£ii 




3.^thoicy-4»a1 1 yl onyS-ni trp- 






ph«nyK02CH2- 




CH^CH2« 


3«titthoKy«^-a1 1 y 1 oxy*S»(iitthyU 


£lt 




aai do ) ph«ny 1 C02CH2« 






4-Mthantsu1 f onanl doph«ny 1 C02CK2* 


£il 




S-(2t3-d1JitthoxypyHdy1 )C02CH2* 


£iX 


CH3CK2- 


6-(2,3-d4mthoxypyHdy1 )C02CH2- 


£il 


CHjCHj- 


4-(2-iMthoxythiazo1y)C02CH2- 


fill 


CH3CH2CM2- 


4^30phtnylC02CH2« 


trini 


HOCH2- 


4^H30phtnylC02CH2* 


tram 


CK3CM2- 


4-<H30phtnylC02CH2- 


tran> 



4. A compound of Claim 2 wherein pi is 1 and P2 is t. selected from the group where in: 
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10 



IS 



20 



25 



30 



a. 
b. 
c. 
d. 
e. 
f. 

g. 

h. 

i- 

k. 
I. 

m. 

n. 
o. 
P 
q- 
r. 
s. 
t. 
u. 

V. 



w. 

X. 

y- 

2. 

aa. 



R3 



CH3CH2- 

CH3CH2- 

CHsCHz- 

CHaCHj- 

H 

H 

CH3CH2- 
CH3CH2~- 
CH3CH2- 
CH3CH2- 
CH3CH2- 
CH3CH2* 
CHaCHj- 
CH3CH2- 
CH3CH2- 
CH3CH2- 
CH3CH2- 
CH3CH2- 
CH3CH2- 
CH3CH2- 
CH3CH2- 

CH3CH2- 

CH3CH2- 
CH3CH2- 
CH3CH2- 



4.CH30phenylC = CC02CH2- 
4-CH30phenylCH2C02CH2- 
3-pyridylCH2C02CH2- 
pheny KR)-CH0CH3 CO2 CH2- 

phQayHSH:HOCH3C02CH2- . 

phenyKR)-CHOCH3C02CH2- 
pheny HRKHOCHs CO2 CHz- 
3-pyridylC = CC02CH2- . " ~ - . 

3- py'ndylCH2C02CH2- 

4- methoxyphenylCH2C02CH2.* * 
4-methoxyphenylC = CCO2CH2- 
2-furanylCH2C02CH2- 

2- fufanVlC = CC02CH2- 

.phenoxyCH2jC02C.H2- 1. .L. 

3- methy l-4-ethoxy pheny ICH2 CO2 CH2 - 

2- pyridylCH2C02CH2- 
phenylthioCH2C02CH2- 

4- ethoxyphenylCH2CO?CH2- 
3,4.5-trimethoxyphenylCH2C02CH2- 
3,4.5-trimethoxyphenylC = CCO2CH2- 

3- bromo-4-propanoxy-5-methoyoxypheny{C = CCO2CH2- 

jt-methylphenylaminGG02CH2 

cyclohexytaminoC02 CH2- 

4- trifluoromethylphenylanninoC02CH2- 
3,4-d(methoxyphenylCH2C02CH2- 
6-(2,3-dimethoxypyridyl)C = CC02CH2- 
4-fluorophenylaminoC02CH2- 



and the configuration at 
th¥3.4 position ts 



CIS 

CiS 

ds 
S.S 
4S 

4S 

CiS 
cis 

3S,4S 

3S.4S 

3S.4S 

Cis 

Cis 

Cis 

CIS 

cis 

CIS • 

CiS 

cis 
cli 
cis 
~cis 
cii 
cis 
cis 

CIS 

cis 



35 



40 



5. A compound of Claim 1 wherein: R Is 0S02Ri and Rq and Rs are H. selected from the group whereir*' 





R3 is 


R4 is 


and the configuration at 
the 3,4 position Is 


a. 


CH3CH2- 


4-CH3pnenyiS020CH2- 


CIS 



6. A compound of Claim 1 wherein: R Is 0-(C0)P2-{A)pi-Rt. ARi or R together with Ro and the C to which 
it s attached form 



G;^— -^-Rj^ or CoC-Ri; 



50 



Pt and P2 are independently 0 or 1. provided that Pt and P2 are not both zero: 

Ro is H, CH3 or phenyl: provided that when R is 0-(C0)p2-(A)p,-Ri, Ro is CH3 or phenyl; 

Rs is H. : ^ * - V ; -. ■ 

7. A compound of Claim 6 wherein: 



S5 
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5* 

Ro is H. or CH3, selected from the group wh rein: 





Ra is 


R4 is 


and the.configuration at 








the ZA position is 


a. 


CH3CH2CH2- 


phenylC = C- 


trans 


b. 


CHaCHaCHa- 


phenylC = C- 


cis 


c: 


CHaCHj- 


phenylC = C- 


trans 


d. 


H0CH2- 


phenylC = C- 


cis 


e. 


CH3CH2- 


phenylC = CCH3 


. ^ trans ' 


f. 


CH3CH2- 


phenylC = CCH3 . 


cis 



20 



25 



8. A compound of Claim 6 wherein: 
R is 0-(C0)p2-(A)pi-Ri or ARn 

Ro is H. CH3 or phenyl; provided that when R is 0-(C0)p2-(A)p, -Ri . Ro is CH3 or phenyl, 

9. A compound of Claim 8 wherein: 

p, is 0. selected from the group wherein: - 



and tht 

' eonff^uration at 

- - " iii 

' £i4 



30 










a. 


CH3CH2- 


4-H02Cphany1NHCH2- 






CM3CH2 


>htfiylCH2CM2- 


35 


— c. ^ 




•4-CH30phtnyK02CHCH3 






CH3CH2 


phenyl CH2CHCH3 




f • 


CH3CH2- 


4^30pHany 1 C02CHphenyl 


40 




N 


phenyl CHCHCH3 








icOCM3 




9- 


H 


CM3CO2CH2CHCH3 



45 



50 



55 



10. A compound of Claim 1 wherein; ^ j 

Ro Is H. CH3 or CH2phenyl; ^ J'^" \ 

Rs is Ci -5 alkyi or Ci-s alkoxy; 

R is 0-(C0)p2-(A)pi-Ri. ARi or R together with Ro and the C to which it is attached form 




or 



C - Ri; 



Pi and P2 are independently 0 or 1; 

provided that Pi and P2 are not tjoth zero; selected from the group wh rein: 
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5 



d. 



b. 



a. 



CE3 
CH3 
CE3 
CH3 




phenylCH«CH- 
phenylCH-CH- 



phenylCH2CH2- 
phenylC02CHCH2Phenyl 



10 



0 



11. A hypocholesterolemic. hypolipidemic pharmaceutical composition comprising a pharmaceutically 
acceptable carrier and a therapeutically effective amount of a compound as defined in Claim 1 . 
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